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(57) Abstract: A compound semiconductor 
epitaxial substrate having a pseudomorphic 
high-electron-mobility field-effect transistor 
structure wherein an InGaAs layer serves as a 
channel layer (9) and an InGaP layer containing 
n-type impurities serves as a frontside electron 
supply layer (12) is disclosed. By growing the 
epitaxial substrate having the pseudomorphic 
HEMT structure with an increased In proportion 
in the channel layer (9), the InGaAs layer has 
an electron mobility at room temperature (300 
K) of 8000 cm 2 /V-s or higher. Frontside spacer 
layers (10, 11) between the channel layer (9) and 
the frontside electron supply layer (12) may be 
composed of InGaP layers. 

(57) g&J: I nGa A s Jf £ ^ -V 

^<Lti/a-h f: E7>r79 HEMT«Jt 

<£ y I nGaAsfl^iS (300K) T? 
(/)if8»SJ8000cm 2 /V • s&L 

&t&m i 2 t(DfS<Dya> hfflax^— 9-B 

1 O&tf 1 1*1 nGaPli LXt<fcl^o 
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w *b m 

g a a s &*>bt-rz> 3 - 5mik&m^mfc*m^tz.mfFm^rfe, mm 

10 &XhV, iff^^l!J^^-efc§i!V^5#*^^bT, fii®^^^^tf> 

iB^n^^^t?^ ^t^^^/w&R&f^ ^^^a^^ij^o^-^^-f^ 
15 ^(Dm^^^^^^^x^^mmx^mm-um^mxh^r^, jz< 

r(D«t 5ftg#j^/Bv^;n,5^fc 0 ^v'^M&:ft^ UTf*. ^vfE& 
S.t>'X^*)*^>— S-CfcS^a^^^^-Y (J^TMB Ev£<!^ 

&mib&mxte7kmfcyd*mnt vxm^\ &m±xm^-M^x^^^fr 

5) ©^tt^#^^^^f,tl,TV^o HEMTI1 MW^^WiM. 
^ (High Electron Mobility Transistor) > K— :^U?-8b* h 7 ^v** ^ 
(Modulation Doped Field Effect Transistor, M0DFET) % Xtt^T 1 ngHHtll- 
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^j^h^^^^ (Hetero- Junction Field Effect Transistor, HJFET) tlift 

^t°?*^ J r/l'mm^ MOCVDfetJ; 9, ^tt?) G a A s , 

A 1 G a A s <Z)#fe||JS£i&M&m5££^-r£ i^tGa As Stfc-B^Jf 

GaAs, Al Ga Asm©WWJK<fflV^bttT#-CV^^x fe^t^Ga 
A s l&C^S <fc 51- I nmf&£nliRi~5-£i-£ I n G a P O^ffyg <£r 

I n <Dm.f&& 0. 4 8 2 ~ 0 . 483, Ga (Dm.f&& 0. 5 1 8 ~ 0 . 5 17 X* 

15 fc^-^^^H-CV^So 

£fc, 3-5^b^^#^"^^U-C«. In x Ga (1 _ x) As (fcfcU 
0 < x < 1 ) 5^ *^lii^#tti-'ffitb-CV^^_b^C I n^fclSCti^^^ 
^ 5/ ^ZMUK^X-Z n £ ^"srtgT'fe S fc£>, HEMT *m&tZ>^<D^"r n 
^^^r L-T^^M-efeSo U^UTWb, In x Ga (1 _ x) Astt, 

20 Ga AsKttir&fe^&fc^fnmXfo&fc^ fem*. In x Ga (1 _ x) 

25 vm&tfWmtSlfeXtbZC kfc-frfrV)^ In x Ga (1 _ x) As^fng^ 

^S^T*©PS#{fif^ m^^/¥©M^Ci:b"C-^^b^ ^liifGaAs 
I^fSInGaAsIO^m J. Crystal Growth, 27 
(1 9 74) p. 118&UKJ. Crystal Growth, 32 (197 
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4) p. 2 6 ste^frssfc-c^sfts- kim%B#}K*nh3nx&'Q , z.<Dmwa 

rcD£y^#^OM/&. ^J¥0^fflrtOS^ii^lJffi-rS^^^j:«9, GaA 
s^^fflV^^HEMT^O^t 0 ^^^^^S^{-*5V^T^, I nGa Asl 

^(D^ B B B ^c5:##TT^, x = 0. 20, BDfl3n m@£© I n x 

Ga (1 _ x) AsJSSr, Hrfttt©<ftT«r i: fc< xlf^^v't^I^ 

5r^«-efe5, ~ CD <£ 5 & I n x Ga (1 _ x) AsJi§r, ^*©HEMT 

o-^tcB^cd^s^^;!!^ 

In x Ga d- x ) As&m&mkLX-#ttG^<DWriZ>'7'*r*A'mU&\Z. 
fflV>fcHEMTtt. S^ft^^tf b 7>^^^- 

(pseudomorphic-HEMT) £TO*VtV^5 (WT, J/a-K^ y^HEMTf: 

15 £fc, _Bfc©«fc 5 InGaPIt In ©m^WW-Ui*, G a A s 

^S^^I^Tfe^fc^. S/^-K^7^ y^HEMTtfeV^ AlGaAs 

Jl<Dftfc>9K:, I nGaPg^©lfftl&I, x^.—y-mkVX^t°? 
/W&ft£^5C£^t£T£>3 0 I nGaPIt AlGaAs tCjt^T, ^fcf* 

20 fc, Al Ga AsCOctpldnMJi^TT^-t-S^i-Vy ^V^K-t°^^-r^^D 
x i? ^ — t uMfr 5 $iv ^mtiL&KmirZ ^£t>#V^V^ f IJ>^^ 5 £>T\ ffi 
<|4fg<DHEMT£r#5n£^T*#5o InGaPli, AlGaAsK<6 

ic^rf u t a t v > 5 & 5 „ 

25 GaAsltJ:^ InGaPjf, I n G a A s l^I^tf^a - K^7^ 
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±M<D&5\^ I nGa P ^/^HEMT^om^f-^Jl 

^©S&te. I n G a P©x^^y K/n 77^f M\ A 1 G a A s £ 
mt£Z> - t\ -f-?fefc^G aAsHnGaPi (DP^Cte, 3L*A«¥— K£H£ 

wr, m^m&mxmtk ^tcm^-tm^^ < i n g a a s ^^^m^m c&#> ^ 

ifcSo ^©S^i^fi LT, 13 2 244 3 7-§-#fF^^}i N ^-T-*A-Ji£ I 
nGa Pm^-^mt<Dm^ ^InGaP^-^IS:jfAtt, ^^<0 

5{CUfc«^||^$tL-CV^-5 0 ^fc, ^2 9 9 48 6 3 ^#fRkfglU2, ^-Y 
*/l"JB J: I nGa Pm^|p« £ <OTf-A 1 G a A s ^Jf>Hif At"?) ^ t 

20 L/5>L&^^ f-^^jvm^l nGa A sJf£r;BV\ «^#y&JI n - A 1 G 
a AsJf &;i?v\ ^^/Wi£m^#^£JgtOFp5o^^~1^Ji£ bT i - A 1 G 
aAsJl£fflV^c, ££5fc£>Al G a A sl©^ - j/^HEMTi)|x 

^f^i/^^mmxm&ztix^z&mz-ik^x, ±&vt^ 13224437 

^fF^f&RTJ^ 2 9 9 4 8 6 3^f?4kmz&\,^Xm7F&tlX\,^Z>m$.<Dh(D 
&*&m-X% 5 £ v> 5tL£^£>#;t6 t . i^lgfitflSt^ 
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& 6 mmfflkfc £ 9 ^e^/hMte £ in 5 r £ ^ -e £ 3 <d t% r <DWL&fa b h 

^i/^^&K^jov^-c. mten&ztix^zm&v) hm^^m^^mmt 
10 ip^hs^ 

^PJ^bfi, JilSma^^-rSfcfe^^fj-^ofc^, InGaA 
15 s^^^M(Dl nm^^< LT^— K^^f y^HEMTM^xt^ 
=3rv--Y7VS^$r^i-^«\ I n G a A s Jl&TJ* I n G a PJl^^^w* 

20 %:$£W<Dm— (Dmmz-Xftl^ InGaAsim^I^U Mnl^ 
^fC^T. UnGaAs Jf ©^S. ( 3 0 0 K) XCD^^Wi^ 8 0 0 0 

cmVv • s&±x&z±uik&M¥mfc^¥?*^svmmmm£ftz> 0 

25 Mie^-^/VJIi-^-C. g?S. (3 0 OK) X<D~lfk7un^jfX^]g%, 1. 8 
0x1 0 1 2 /cm 2 g±^t5-^ s tt5„ 

m t comic? u>hm*^—v-mk l-c inGa pji^tp, ±mm—<Dmm<o 
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(3 0 0K) T^-^t^it^. 1. 80xl0 12 /cm 2 J^±m 

^rcfcr^^^/v»K^!i^*^5 0 wm^v^Mfc&xt^x, mm. (300 

K) t*©Z«^^iS^^ I- 80xl0 12 /cm 2 g±tt5^i^ 

10 ft I n G a A s iO I n» 0 . 2 5&>±X3bZik'&yo¥ 

mfc^ ¥ 9 *t i/ -Y A^^Rif^M tS 5 o 

ft^/HO-tTtttt, BlffdS4 nmg±©G a A s Jf £ *l/C V ^ flS 

^m^MVf^- ^9^y\ A&m.1&Bk& is ti 5 o 

in 3 \tt?m<omMw 3 ic^s^ ^^-r^ss^sflKtH-efcSo 

m 4 W <D it 1 fc#> 6 ^ tf * ^ v- ^StR© ® #at HI fo £ . 
HI 6 &&56&<oik&M 3 fcfllS^br^ ^^-Y^aaRoJMBfiH-CfcS. 

25 mw&mte-tzititxDMn 

V^/VSjK^JifllatTftt. n-GaAsl^ n-Al Ga AsIfeifOi^ 
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7T jf2~5Ji. Wil2 0 0nmJfOi-GaAsf N 25 0nml©i- 
Al o. 25Ga 0 . 75 As®, 2 50nm|©i-GaAsl, ^2 0 0 
10 nmJ¥tD i -A 1 o. 20 Ga o. 8 o A s Mb LTTgffc&JvCV^So 

6te, 4nmf©n-Al 0 . 20 G a 0 . 80 AsliU^§^ n§PF 
jj$^3xl 0 18 /cm 3 K-^U^y^fiO«-?Wi&S-T?*>5o ^S^W*?" 

mm 6 ©±mr±, ^ tm^^—vm 7 s 35s zL&MfrxT&j&ztix^Zo 

^wttt» /<y^fll^-tl7tt3nm)|Oi-Alo. 20 Ga o. 80 As 
15 I, ^s/^fld;*^— 9"® 8f25. 5nmfOi-GaAsIi:^otV^o 9« 

nmffcD i - I n 0. 30 Ga o. zoA 5 ®^* 0 ^^ 0 

110U5. 5 nmf O i -G a A sfi LtM$^T33 5 , yn^hM^ 
20 -tilHi3nmJfOi-Al 0 . 2 oGa 0 . 8 0 A s Jf t VXl&J&ZInX^ 

12li7nybfllI : fMI^ 6nmJ|©n-In 0 , 48 3 Ga 0. 517 P 
M t VXl&J&tStl. nm*mm& 4xl0 18 /cm 3 (Dm&tZ- K-^SftTV^ 
1 3nT^V—7°MX\ 3 9. 5 nmj?© i -A 1 o. 2 0 Ga 0. 80 A sJli: 
25 VXJ&J&ZtlX^Zo 

mi \c^i-mm^(D^°^^^^^&^(Dm^^^^xnmir^ 0 
mkvit®, ~<Dm&M>mm*@&j&&fc<Dtomi$±.^Ga. as»«i t 
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GaAsfflSlitMt^tAlGaAsl, InGaAsJf. InGaP 
5 *fc N AlGaAs«^***5W7;V^^i*ft InGaAsS 

^50 o°c^b 8 o o°c-e&£ 0 

^iet^ftSil^^^IttG a A s ^leltfi, LEC (Liquid 
Encapsulated Czochralski) fe, VB (Vertical Bridgeman) fe % VGF 
(Vertical Gradient Freezing) ^-CaBftSftfcG a A s StK&JBV^ CI t & 
15 lO^ H fWtd^, 0. 0 5°M1 O'tSO^f §rt>otSi 

25 k&X'tZo 
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^v^fy^A (tmg) , yy *^-j\sTjv*~v& (tma) k.tj*mm^vw 

5 ^v^A (TMI) SrfflV\ 5^tu^©J15|SI.^ Ittt, T/l'W (AsH 3 ) R 
T>*/Jn^7^^ (PH 3 ) $rJBV\/fc„ nSK-^hiltft, v^^V 

(S i 2 H 6 ) £ffll>fc 0 M©^-r!^7^^t(t ]*J#fifi2tel5«rJBV\ R 
/fc^ftEE^ 0 . 1 a t m. J&Si&^6 5 0°C. ~ 1 *z m/h r ©J5fc& 

10 jfiWBHKi*© I n G a PJBtt, G a A s MAX? A 1 G a A s /g^^^^T 5 

I n G a PS© I n jtififett^ 0 . 4 8 3 t bfc 0 £fc, HJfe^ll 1 ©H*agT?W: % I 
nGa Pjf£\ 7u^hM(Dm>*fe&m<Dmzm^^X^t°?*i'^/l'J&M&^tio 

«^&^T&itr5fcfcO^;M'Ji9fc:fci, In». 3 0,^j¥7. 5 
15 nm©I^InGaAsI»T> ^fc^^^/W&S^itr/Co 

^■r^/VJB9HlffiV^ I nGaAslOiTCiLT, 7ny M&J^-<— 
jf 1 O&t^S/^lBI;*^— f-S 8 £ bt#< i-GaAsJf£r, ^MtlS. 5 

_LfB<£>cfc 5 Kl^fc: 0 * ^-Y^fifeRfc: <fc 5 fESbfcE! 1 (D^Jfe^J 1 <£>«S*a£J- 
20 *5V^T, Van der P a u wfelei<J;5*— A'aUESrfrofclt** 

jl 9 ^*3v>r, ( 3 o o k) -e©~^7cm^-^^^* s 1 • 8 1 x 1 0 1 2 

/cm 2 , (3 0 OK) -C(Z)«^»J^8 3 6 0 cm 2 /V ♦ s , 7 7K 

-e<2-#C7cm^#*^^ 2. 13xl0 12 /cm 2 , 77 Kt*©lffi)^^ 
3 3 9 0 0 cm 2 /V • s ^tl&X\Zf£\,^&m£i&%:ntz. 0 £fc N r<£>t# 
25 (Dfifottel&Vvr, A 1 ^3 y h m^SrJBV^cC VS'J^^ofc^, ^W^r 
y Tit^lxl 0 1 5 / cm. 3 bt£Z>t£(DK e >7-*7mmii:- 1 . 7 4VT* 
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m&Mtb srt sjlk:, -^Tcm^-^f^ (Dm^co-^ymmm^m^ 

2 5^_ht^-?>r t{Cj;t9. r;h,*Ti^£*VCV^n- I n G a P«^fc*&Jl 

HBR. IH 1 K7jk-t^.t°?3c^^/lsmm-Z, ^-Y^Wi 9 RlSSttS I n 
0. 2 5^±tt5^tia^ -^Tnm^^cD^^^^i:*^^^-^^ 
l9rtT'Ol^©^»S?r8 0 0 0 cm 2 /V • s £UL£ ^ t &X*%fr 0 

15 ^ffill^^— !M8lU!7PyM^- til 0©GaAsI©Iff^4nmW 

±T*fetb»\ ^^^?vm^\^^^>nF^(o^m^m^. o o ok) -esooo 

cmVv- sit5ii:^5:^itILt, 
HWJ2 

HI 2 * ^>^l^g&gH»)J 1 Oi^t«, MO C V 

Difcfc: J: «5 fmufc„ El 2 tc^-T^t 0 ^^ yv3E4RJd*5V^. 2 l tt¥*6*W& 
25 GaAsSfcu 2 2-2 5li^5'77l, 2 6I^J/^11WI, 2 7 — 2 
sri^y^ffifl^^— 2 9&^^MWi. 3 0~3 1 S7ny MliJ;*.-^— if 
m, 3 2|j:7P>' h{lim : ?«ji N jtt>* 3 3 feT ~y Y—ZfA 1 G a A s Jf 5 0 
#«©j|a^Xt^lBIJ¥tt02*»i:^al!9-CS)5, 
HIl tm2 b$rttMtVxmz>£ 5^ HJfi^a 2 -ett, :7n>-MiiJ*^— if® 3 
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1 £r I nBM 0 . 4 8 3, J^J? 3 n m© i-InGaPft LTM Istc&XM 
r<Dj; 5}dUT#fetl,fc^e^=ariy^^SlS^oV^T, Van d e r 

5 p a u^m^x^-^m^n^tcw^ £m oook) -e©-#^®^# 

^^S^l. 89xlO l2 /cm 2 , ^^A-Jl 2 9 {C^T, M (3 0 0 
K) -Wm^^Sj^ 8 6 3 0 cm 2 /V • s, 7 7 K^tD ~^7n«^-^^^ 
#2. 16xl0 12 /cm 2 , 7 7 K-e©l^Slg^ 3 2 0 0 0 c m 2 /V • 

HMJ3 

HI 3 M^iiifliit©^- n^^-^^^^R^MMM 1 t IHIH^, MO C V 
15 GaAsS«, 4 2-4 5(^7771, 4 6 y ?Mm*W&m, 47-4 

8 v tmx^—^m, 4 9 w^^/hs. so-si^py h^j^^— ^ 

jf N 5 2tt7ny Vmm.^mm, RXf 5 3tt7> K— l G a A s Itfc 5o 

HI1 £HI3 t*\m.\^Xm%> «t »I3X11 7ny^^-tl5 

20 1 3&tf y * "frJI 4 7 &T>V^ y ?mW&®i&m 46^ Zrtl^tl I n #1 

j&0. 4 8 3, MJ¥3 nm<£> I n G a Pli LXtef&Vtc&XMMW 1 tMfto 

r©j; 5^bT#bnfc^t°-^ :3 f-v'^r/VS^}-oV^-r, Van d e r 

p a uwStas*- /vgy^srfTorh^, ^*a-ji4 9^*3v>-c, (3 

25 0 OK) W-lfcTE^tf;**^ 1 . 8 9xl 0 1 Vcm 2 , M (3 0 0 
K) X<Dm&&W3m&8 0 10 cm 2 /V • s, 7 7 KfOIl^t^^^iS 
fl$2. 1 2x1 0 1 2 /cm 2 , 7 7Kf©Wi^34 200cm 2 /V« 
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cm 3 tftZ b%<DK°^3-7m,J£fe. -2. 20VT?fcofco 

tmm i 

S 1 {3i^-r^»J 1 <Di/~— K*7-f y ^HEMTfl|3aratr^ rs ^'>-YA'**RlJ: 
*^T. ^^^jf9^V^nS I nGaAsI©I nl^SWil^ 
5 ^*/P«9©JiTfc:M£*L3 i-GaAsll 0&T/8 ©IWf «»tSr3E*.*i 
m 4 t/Tfftj|©x =3rv't;VSK?:> 1 t LT, H»J 1 £ l^fclM 

ocvDife&iBvvtfl^Urto HI4^-r^t 9 ^^->^^S^^v^-c, 6 1fi 

^»14G a A s 6 2 ~ 6 5 {3:^ y77i, 6 61^^ $jm-?tft*SJf , 

6 7-6 8 fcfc^ y fm*^—' V-B. 6 9 tt^-Y*/VJI % 70. 7 1 f 2 n >- MRlJ 
10 frS. 7 2li7ay hffl« : Hfef&IRt; 7 3it7y K-7°A IGaAsI 

EI 4 (DttM&l 1 ^-f^/Ml 69(DlnGaAsl©I n1tB&& 0 . 19. 

^J¥§rl4. OnmiU ^^/VS 6 9 ©_bTJCtt, /<y^W^tl6 8 
S^a^ hfill^^— ^Jl70§ri -G a A s Jl £ UT# 2 . Onmfo, ^t? 

y ^HEMTflfit-efes. r©JttR03 1 j±h ^JS^J i 

JfcgEtftfl ©aHf^^^-Y/HstRKl-oV^ Van Der Pauwfeia5 
yi^llS&fTofcSM^ ^^yv»6 9^*5V^, M (3 0 OK) T©Zft 
20 Tcm^^^l. 77E12/cm 2 , 1^ (300K) Wt^l)S71 
00cm 2 /V'S, 7 7K-e(DZ^7nS^^M2. 06E12/cm 2 , 
7 7 KT?©m-?-^Wl^2 2 5 0 0 c m 2 /V • s £ s tfefa&*E>$ll^&*vrv>5g 

«tt«rfflV>fcC VajfeSrfT ofe^s y 7«l^ lE15cm 3 i^ 

25 fc#©bT^^-7«Ett. -1. 7 2Vffcofco 
Jfc«09 2 

*dV^T n 9^ffiV>btbS InGaAslOI n|^fcT*e©IftJ¥£ > 

^•Y^/VJ12 9©±T^S$tt6 i -G a A s jg 2 8 $.0*3 0 ©l£ff;/i!tt«:3t 
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FIG.1 
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FIG.2 
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FIG.3 



i-Alo.20Gao.80As 39.5nm 



n-Ino.483Gao.5i7P 6nm 4E18/cm ; 



i-Ino.483Gao.5i7P 3nm 



i-GaAs 5.5nm 



i-Ino.30Gao.70As 7.5nm 



i-GaAs 5.5nm 



i-Ino.483Gao.5i7P 3nm 



n-Ino.483Gao.5i7P 4nm 3E18/cm 3 



i-Alo.20Gao.80As 200nm 



i-GaAs 250nm 



i-Alo.25Gao.75As 250nm 



i-GaAs 200nm 



GaAs 3£$x 



53 

52 

51 

50 

49 

48 

47 

46 

45 

44 

43 

42 

41 



WO 2004/059743 



7JP2003/016394 



4/6 

FIG.4 
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FIG.5 
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FIG.6 
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